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Schr\"odingcr 2 .
, modified Schr\"odinger map .
1.1 $\mathrm{S}\mathrm{c}\mathrm{h}\mathrm{r}\ddot{\mathrm{o}}\mathrm{d}\dot{\mathrm{I}}\mathrm{n}\mathrm{g}\mathrm{e}\mathrm{r}$ map $\sim\supset$)
, $\mathrm{R}\cross \mathrm{R}^{n}$ 2 $S^{2}$ Schr\"odinger map . .J
$\phi$ : $S^{2}\backslash \{(0,0,1)\}arrow \mathrm{C}$ ,
$\phi^{-1}(w)=(\frac{2{\rm Re} w}{1+|w|^{2}},$ $\frac{2{\rm Im} w}{1+|w|^{2}},$ $\frac{1-|w|^{2}}{1+|w|^{2}})$ , $w\in \mathrm{C}$
, 2 $S^{2}$ $g(w)=2/(1+|w|^{2})$
$(\mathrm{C}, gdwd\overline{w})$ . , $|w|_{g}=|g(w)w|,$ $w\in \mathrm{C}$









$\nabla_{j}=\partial j-\frac{2}{1+|z|^{2}}\overline{z}\partial_{j}z$. $(1\cdot 3)$
, Euler-Lagrange (1.2) $w$ , $\frac{d}{d\epsilon}E(z\dagger\in w)|_{=0}=$
$0$ . , (1.2)
$\partial_{t}z=i\sum_{j=1}^{n}\nabla_{j}\partial_{j}z$ $(1\cdot 4)$
Schr\"odinger map . $i$ , heat flow
. Schr\"odinger map (1.4) , (1.3)
$i \partial_{t}z+\triangle z=\frac{2}{1+|z|^{2}}\overline{z}\sum_{j=1}^{n}(\partial_{j}z)^{2}$ $(1\cdot 5)$
Schr\"odinger
, $\mathrm{S}\mathrm{c}\mathrm{h}\mathrm{r}\ddot{\mathrm{o}}\mathrm{d}\underline{\mathrm{i}}\mathrm{n}\mathrm{g}\mathrm{e}\mathrm{r}$ map $(1\cdot 4)$ (1.1) $\mathrm{E}$ . , $z$
(1.4)
$E(z(t))=E(z(0)),$ $t>0$ $(1\cdot 6)$
.
LL (1.5) (ferromagnetic) Heisen-
berg model
$u$ : $\mathrm{R}\cross \mathrm{R}^{n}arrow S^{2}\subset \mathrm{R}^{3}$ , $n=1,2,3$ ,
$\partial_{t}u=u\cross\triangle u$ $(1\cdot 7)$
([3], [6], [14] ).
, , 2 Ishimori
system ([10] ).
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Schr\"odingcr map , $(N, g, J)$ $g$ , $J$ Riemann
, $s$ : $\mathrm{R}\mathrm{x}\mathrm{R}^{n}arrow N$
$\partial_{t}s=J\sum_{j=1}^{n}\nabla_{j}\partial_{j}s$
$(1\cdot 8)$
. , $\nabla_{j}$ $s^{-1}TN$ ,
Chang-Shatah-Uhlenbeck [2] .
Riemann $N$ Schr\"odigner map
(S) $\{$
$\partial_{t}s=J\sum_{j=1}^{n}\nabla_{j}\partial_{j}s$ , $s$ : $\mathrm{R}\cross \mathrm{R}^{n}arrow N$ ,
$s|_{t=0}=s_{0}$
, Chang-Shatah-Uhlenbeck [2] , $n=1$ $s_{0}\in H^{1}(\mathrm{R})$
: $n=2$ $s_{0}\in H^{1}(\mathrm{R}^{2})$
equivariant symmetry
. , (1.6) , Schr\"odinger map $H^{1}$
, $H^{1}$ . , Faddeev-Tkhtajan [6] 1
, (ferromagnefic) Heisenberg model
(1.7) , Schr\"odinger
Hasimoto , Schr\"odinger map
. , 1 , 2 Schr\"odigner
map , Schr\"odinger
, .
1.2 Modified $\mathrm{S}\mathrm{c}\mathrm{h}\mathrm{r}\ddot{\mathrm{o}}\mathrm{d}\dot{\mathrm{I}}\mathrm{n}\mathrm{g}\mathrm{e}\mathrm{r}$ map
, $n=2$ , $\mathrm{R}\cross \mathrm{R}^{2}$ 2 $S^{2}$ Schr\"odinger





Schr\"odinger map $z$ (1.3) $j$ , u ’ $D_{j}$
$u_{\alpha}= \frac{2}{1+|z|2}e^{i^{\psi}}\partial(fz, (1\cdot 9)$
$D_{j}= \frac{2}{1+|z|^{2}}e^{i^{\psi}}\nabla_{j}(1+|z|^{2})e^{-i^{\psi}}\equiv\partial_{j}+iA_{j}$ (1 $\cdot$ 10)
. , $\alpha=0_{j}\cdots,$ $n$ , $\partial_{0}=\partial_{t}$ . (1.4)
$u_{0}=i \sum_{j=1}^{n}D_{j}u_{j}$ , (1 $\cdot$ 11)
$j$
$\partial_{j}s$
$\nabla_{j}\partial_{k}s=\nabla_{k}\partial_{j}s$ , $[\nabla_{j}, \nabla_{k}]=-4i{\rm Im}(b_{j}\overline{b}_{k})$ ,
$D_{j}u_{k}=D_{k}uj$ , $[DD_{k}j,]=-4i{\rm Im}(uj\overline{u}_{k})$ (1 $\cdot$ 12)
. $b_{j}=(1+|s|^{2})^{-1}\partial js$
.
. , (1.11), (1.12) (1.9),
(1.10) $\psi$ . , $\psi$ (1.10)
$A_{j}$
$\sum_{j=1}^{n}\partial_{j}A_{j}=0$ (1 $\cdot$ 13)
(Coulomb gauge). , (1.13) ( )
$\psi$ . (1.11), (1.12), (1.13) , $u_{j}$
Schr\"odinger modified Schr\"odinger map ( [12, Theorems 2.1.







, 2 , modified Schr\"odinger map (MS)
.
$i\partial_{t}u_{1}+\triangle u_{1}=-2iA\cdot\nabla u_{1}+A_{0}u_{1}+|A|^{2}u_{1\mathrm{I}}[perp] 4i{\rm Im}(u_{2}\overline{u}_{1})u_{2}$ , $(2\cdot 1)$
$i\partial_{t}u_{2}+\triangle u_{2}=-2iA\cdot\nabla u_{2}+A_{0}u_{2}+|A|^{2}u_{2}+4i{\rm Im}(u_{1}\overline{u}_{2})u_{1}$ , $(2\cdot 2)$
$u_{1}(0, x)=u_{0}^{1}(x)$ , $u_{2}(0, x)=u_{0}^{2}(x)$ , $x\in \mathrm{R}^{2}$ . $(2\cdot 3)$
. $u_{j}$ : $[0, T]$ $\cross \mathrm{R}^{2}\ni(t, x)\mapsto u(t, x)\in \mathrm{C},$ $j=1,2$ , $u=(u_{1}, u_{2})$
, $A=$ ( $A_{1}[u].$, A2 $[u]$ ), $A_{0}=A_{0}[u]$
$A_{j}[u]=2G_{j}*{\rm Im}(u_{1}\overline{u}_{2})$ , $j=1,2$ , $(2\cdot 4)$
$G_{1}(x)= \frac{1}{2\pi}\frac{x_{2}}{|x|2}$ , $G_{2}(x)=- \frac{1}{2\pi}\frac{x_{1}}{|x|^{2}}’$. $(2\cdot 5)$
$A_{0}[u]=- \sum_{j,k=1}^{2}2R_{j}R_{k}{\rm Re}(u_{j}\overline{u}_{k})+2|u|^{2}$ $(2\cdot 6)$
. , $R_{j}=\partial_{j}(-\triangle)^{-1/2}$ Riesz .
: $A[u]$ $(2\cdot 4)\dot{\prime}(2\cdot 5)$ vA[u] $=0$ .
(1.13) . , $\mathrm{d}\mathrm{i}\mathrm{v}A[u]=0$ $A_{j}[u]$ ,
2.1 (MS) $L^{2}$ . , (2.5) $G_{2}$. 2
$(-\triangle)$ $-(1/2\pi)\log|x|$ 1 . 2
, $|x|^{-1}$ -1 ,
(2.1), (2.2)
$i\partial_{t}u+\triangle u=i(D^{-1}|u|^{2})Du$ $(2\cdot 7)$






2.1. $u$ (MS) . $t\geq 0$ ,
$||u(t)||_{L^{2}}=||u_{0}||_{L^{2}}$ .
. (2.1), (2.2) $\overline{u}_{1^{j}}\overline{u}_{2}$ $\mathrm{R}^{2}$ . .
${\rm Im}(2i \int A[u](\nabla u_{j})\overline{u}jdx)=\int A[u]\nabla|u_{j}|^{2}dx$
$=- \int(\mathrm{d}\mathrm{i}\mathrm{v}A[u])|u_{j}|^{2}dx=0$
, $A0,$ $|A[u]|^{2}$ ,
$\frac{1}{2}\partial_{t}||u_{1}(t)||_{L^{2}}^{2}=4\int{\rm Im}(u_{2}\overline{u}_{1}){\rm Re}(u_{2}\overline{u}_{1})dx$,
$\frac{1}{2}\partial_{t}||u_{2}(t)||_{L^{2}}^{2}=4\int{\rm Im}(u_{1}\overline{u}_{2}){\rm Re}(u_{1}\overline{u}_{2})dx$
. t||u(t)||2L2 $=0$ .
, (2.1), (2.2) $\lambda>0$ , –)
$u(t, x)\mapsto u_{\lambda}(t, x)=\lambda u(\lambda^{2}t\cdot, \lambda x)$
. , $u$ (2.1), (2.2) $u_{\lambda}$ (2.1), (2.2)
. ,
$A[u_{\lambda}](t, x)=\lambda A[u](\lambda^{2}t, \lambda x)$ ,
$A_{0}[u_{\lambda}](t, x)=\lambda^{2}A_{0}[u](\lambda^{2}t, \lambda x)$
. , (MS) Sobolev $H^{s}$
, $H^{0}(\mathrm{R}^{2})=L^{2}(\mathrm{R}^{2})$
, (MS) $L^{2}(\mathrm{R}^{2})$ , –
.
, $u_{0}\in H^{s}(\mathrm{R}^{2})$ , $s\geq 0$ (MS)
.
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22. $u_{j}$ (1.9) Schr\"odinger map $z$
, (MS) $H^{s}$ Schr\"odinger map (1.4) $H^{s+1}$
. , 2.1 $L^{2}$ , Schr\"odinger map (1.4)
(1.6) .
(MS) 4 , Nahmod-Stefanov-Uhlenbeck [13] , $s>1$
$u_{0}\in H^{s}(\mathrm{R}^{2})$ , $u\in C([0, T];H^{s})$
. $\lceil\lfloor 8$ ] .
23 $\cdot$ $s>1/2$ $u_{0}\in H^{s}(\mathrm{R}^{2})$ . $T=T(||u||H^{s})>0$
$\vee C,$ $(\mathrm{M}\mathrm{S})\text{ }u\in L^{\infty}(0,T;H^{s})\cap C_{w}([0,T]_{)}. H^{s})\mathrm{T}^{\backslash }$
$J^{\delta}u\in L^{p}(0,T;L^{q})$
. , $J=(I-\triangle)^{1/2}$ . $\delta,$ $p,$ $q$ $s-1/2>$
$\delta>2/q>0,1/p=1/2-1/q$ .
24. $s>1/2$ , Kenig-Nahmod Ishimori system
, modffied Schr\"odinger map , .
23 , $s=1$
$\text{ }$ .
25. $u_{0}\in H^{1}(\mathrm{R}^{2})$ . $T=T(||u||_{H^{1}})>0$ , (MSM)
$\text{ }u\in C(0, T;H^{1})\text{ ^{}\backslash }\backslash$
$J^{\delta}u\in L^{p}(0, T;L^{q})$
. , $\delta,$ $p,$ $q$ $1/2>\delta>2/q>0,1/p=1/2-1/q$
.
23, 25 , ,
, .
, 2.5 $||u||L\infty(0,T;H^{1}$ , $H^{1}$
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, , Sobolev $||\nabla u||_{L}\infty<\sim||u||H^{5}’$.
$s>2$ , $s>2$ , $||u||_{L^{\infty}(0,TH^{\mathrm{s}})}\leq C_{/}||u_{0}||H^{5}$ (
32 ). , ( 3.1) , $A[u]\sim D^{-1}|u|^{2}|$
, $||\nabla u||_{L}\infty$ $||u||_{L^{\infty}}$
, 1 . , $s>1$
$||u||_{L^{\infty}(0,TH^{5})}\leq C||u_{0}||H^{s}$ ( 33 ). T
Nahmod-Stefanov-Uhlenbeck [13] .
, (2.1), (2.2) , $\triangle u_{j}$ .




, (2.1), (2.2) ,
$i\partial_{t}u+\triangle u=iA[u]\cdot\nabla u,$ $(t,x)\in(0,T)\cross \mathrm{R}_{:}^{2}$
(2.8)
$A_{j}[u]=G_{j}*|u|_{:}^{2}j=1,2$
. , (2.1), (2.2)
([8] ). , 3
. 4 $s>1/2$
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. , $A,$ $B\geq 0$ , $C>0$ $A\leq CB$
$A\leq B$ , $A\sim<B$ $B\sim<A$ $A\sim B$ ,
$||v||_{L_{7}H_{x}^{s}}\infty=\mathrm{s}\mathrm{u}\mathrm{p}_{0\leq t\leq\tau}\urcorner||v(t)||_{H^{s}},$ $||v||_{L_{T}^{p}L_{x}^{q}}=( \int_{0}^{T}||v(t)||_{L_{x}^{q}}^{p}dt)^{1/p}$ .
3.1. $|9\geq 0$ , $u_{0}\in H^{s}(\mathrm{R}^{2})$ . $u$ (2.8) , $T>0$
.
$||u||L_{T}^{\infty}H_{x}^{s}\leq||u_{0}||H^{s}\exp(CT^{2/q}||J^{\delta}u||_{L_{T}^{p}L_{x}^{q}}^{2})$ . $(3\cdot 1)$





. (3.1) $u$ , $||\nabla u||L\infty$
( , $||J^{1+\delta}u||L^{q}$ ). , $A[u]\sim D^{-1}|u|^{2}$
, 1 .
33. $s>1$ , Sobolev $||J^{\delta}u||_{L^{q}}\sim<||u||_{H^{s}}(\delta,$ $q$ $s-1\geq$
$\delta-2/q$ ) .
$||u||L_{T}^{\infty}H_{x}^{\mathit{8}}\leq||u_{0}||H-\mathrm{q}\exp(CT||u||L_{T}^{\infty}H_{x}^{5})$
, $||u||L_{T}\infty H_{x}^{s}\leq C||u_{0}||_{H^{\mathrm{s}}}$
.
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. , $||u||_{\dot{H}^{s}}=||D^{s}u||_{L^{2}},$ $D=(-\triangle)^{1/2}$ . ,
, $\nabla A[u]$
$||\nabla A[u]||_{L^{\infty}}\sim<||u||_{L^{\infty}}||J^{\delta}u||_{L^{q}}$ , $\delta>2/q$ , $(3\cdot 3)$
$||\nabla A[u]||_{\dot{H}^{\mathit{3}}}\leq||u||_{L^{\infty}}||u||_{\dot{H}^{s}}$ $(3\cdot 4)$
Sobolev $|||u||_{L^{\infty}}\sim<||J^{\delta}u||_{L^{q}},$ $\delta>2/q$
$\partial_{t}||u(t)||_{H^{\mathrm{s}}}^{2}\leq||J^{\delta}u(t)||_{L^{q}}^{2}||u(t)||_{H^{s}}^{2}$
. , Gronwall . $L^{2}$
(3.1) . , $\nabla A[u]$ (3.3), (3.4) ,
$\partial_{j}A_{k}[u]=CR_{j}R_{k’}|u|^{2}$ $(3\cdot 5)$
, Riesz $R_{j}$ $L^{r}$ , $1<r<\infty$ . , $k’$
$k=1$ 2, $k=2$ 1 .
, (3.2) , .
$\varphi\in C_{0}^{\infty}(\mathrm{R}^{2})$ $|\xi|\leq 1/2$ $\varphi(\xi)=1,$ $|\xi|>3/4$ $\varphi(\xi)=0$
. , $\psi(\xi)=\varphi(\xi/2)-\varphi(\xi)$ $\psi$ , $j\in \mathrm{Z}$ ,
$\varphi_{j}(\xi)=\varphi(\xi/2^{j+1}),$ $\psi_{j}(\xi)=\psi(\xi/2^{j})$ . $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\varphi_{j}\subset\{|\xi|\leq 2^{j-1}\}$ .
$\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\psi_{j}\subset\{2^{j-1}\leq|\xi|\leq 2^{j+1}\}$ , $\varphi_{0}+\sum_{j=1}^{\infty}\psi_{j}=1.,$ $\xi\in \mathrm{R}^{2}\backslash _{\backslash }\{0\}$
$\sum_{j=-\infty}^{\infty}?\rho_{j}(\xi)=1$ , $S_{j}f=F^{-1}\varphi_{j}\mathcal{F}f$ $S_{j}$
, $P_{j}f=F^{-1}\psi_{j}Ff$ $P_{j}$ . , $F,$ $\mathcal{F}^{-1}$ Fouricr ,




. (2.8) $P_{j}$ ,
$\partial_{t}u_{j}+\triangle u_{j}=iPj$ ( $A$ . Vu) $(3\cdot 6)$
. $u_{j}=P_{j}u$ . (3.6) $2^{2sj}\overline{u}j$ , $\mathrm{R}^{2}$
.
$\frac{1}{2}\partial_{t}||u_{\dot{J}}||_{H^{\mathrm{s}}}^{2}=2^{2sj}{\rm Re}\int P_{j}$ ( $A$ . Vu) $\overline{u}jdx$ (3.7)
. (3.7) , $P_{j}(A\cdot\nabla u)$ .
$P_{j}$ ( $A$ . Vu) $=P_{J}(S_{j-5}A\cdot\nabla u)+P_{j}(P_{>j-5}A\cdot\nabla u)$
$=P_{j}(S_{j-5}AP_{j-2\leq\cdot\leq j+2}\nabla u)$
$+P_{j}(P>j-5AS_{j+5}\nabla u)+P_{j}(P>j-5A\cdot P>j+5\nabla u)$
$=S_{j-5}A\cdot\nabla u_{j}+_{\mathrm{L}}^{\mathrm{r}}P_{j},$ $S_{j-5}A]P_{j-2\leq\cdot\leq j+2}\nabla u$
$+P_{j}(P_{j-5<\cdot\leq j+6}A\cdot S_{j+5}\nabla u)$
$+ \sum_{k>j+5}P_{j}(P_{k-2\leq\cdot\leq k+2}A\cdot P_{k}\nabla u)$
$\equiv I+II$ \dagger $III$ \dagger $IV$.
2 1 , Fourier
. , I $\mathrm{d}\mathrm{i}\mathrm{v}A=0$ ,
$2^{2sj}{\rm Re} \int I\overline{u}_{j}dx=2^{2sj-1}\int S_{j-5}A\cdot\nabla|u_{j}|^{2}dx$
$=-2^{2sj-1} \int(S_{j-5}\mathrm{d}\mathrm{i}\mathrm{v}A)|u_{j}|^{2}dx=0$ .
$[Pj, S_{j-5}A]\cdot P_{j-2\leq\cdot\leq j+2}\nabla u(x)$
$=P_{j}(S_{j-5}A\cdot P_{j-2\leq\cdot\leq j+2}\nabla u)(x)-S_{j-5}A\cdot P_{j}P_{j-2\leq\cdot\leq j+2}\nabla u(x)$
$= \int\psi j(y)(S_{j-5}A(x-y)-S_{j-5}A(x))P_{j-2\leq\cdot\leq j+2}\nabla u(x-y)dy$
,
$|II| \leq||\nabla s_{j-5}A||_{L^{\infty}}\int|\varphi_{j}(y)||y||P_{j-2\leq\cdot\leq j+2}\nabla u(x-y)|dy$ .
, Young :
$||II||_{L^{2}\sim}<||S_{j-5}\nabla A||_{L^{\infty}}||||\varphi_{j}||_{L^{1}}2^{j}||P_{j-2\leq\cdot\leq j+2}u||_{L^{2}}$
$\sim<||\nabla A||_{L^{\infty}}||P_{j-2\leq\cdot\leq j-\mathrm{T}^{\mathrm{I}_{-2}}}u||_{L^{2}}$ .
,
$2^{2sj}{\rm Re} \int II\overline{u}jdx|\sim<||\nabla A||L\infty 2^{sj}||Pj-2\leq\cdot\leq j_{1}[perp] 2u||L^{2}||uj||_{H^{s}}$ . $(3\cdot 8)$
I H\"order ,
$|2^{2sj}{\rm Re} \int III\overline{u}jdx|<\sim \mathrm{j}-5<\cdot\leq j\dagger 6L^{2}j+52^{sj}||PA||||\nabla Su||L^{\infty}||uj||_{H^{S}}$
$\sim<2^{sj}||P_{j-5<\cdot\leq j+6}\nabla A||_{L^{2}}||u||_{L^{\infty}}||u_{j}||_{H^{\mathrm{s}}}$ .
IV ,
$|2^{2sj}{\rm Re} \int IV\overline{u}_{j}dx|<\sum_{k>j+5}\sim 2^{sj}||P_{k-2\leq\cdot\leq k+2}A||_{L^{2}}||P_{k}\nabla u||_{L^{\infty}}||u_{j}||_{H^{s}}$
$\sim<\sum_{k>j+5}2^{-s(k-j)}(2^{sk}||P_{k-2\leq\cdot\leq k-2}\nabla A||_{L^{2}})||u||_{L^{\infty}}||u_{j}||_{H^{s}}$




$+ \sum_{l>5}2^{-sl}(2^{s(j+l)}||P_{j+\iota-2\leq\cdot\leq j}\neq l+2\nabla A||_{L^{2}})||u||_{L^{\infty}}||u_{j}||_{H^{6}}$
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. . $j$ H\"older
$\partial_{t}||u||_{\dot{H}^{s\sim}}^{2}<||\nabla A||_{L^{\infty}}(\sum_{j}2^{2sj}||P_{j-2\leq\cdot\leq j+2}u||_{L^{2}}^{2})^{1/2}||u||_{\dot{H}^{s}}$
$+||u||_{L^{\infty}}( \sum_{j}2^{sj}||P_{j-5<\cdot\leq j+6}\nabla A||_{L^{2}})||u||_{\dot{H}^{S}}1/2$
$+||u||_{L^{\infty}}\{\Sigma(\Sigma 2^{-sl}(2^{s(j+l)}||P_{j+l-2\leq\cdot\leq j+l+2}\nabla A||_{L^{2}}))^{2}\}^{1/2}||u||_{\dot{H}^{S}}$
$j$ $l>5$
$\sim<||\nabla A||_{L^{\infty}}||u||_{\dot{H}^{\mathit{8}}}^{2}+||\nabla A||_{\dot{H}^{\mathrm{S}}}||u||_{L^{\infty}}||u||_{\dot{H}^{5}}$




, 23 Nahmod-Stefanov-Uhlenbeck [13]
, 1/2 Strichartz
.
4.1. $T\leq 1$ . $w$ 2 Schr\"odinger
$i\partial_{t}w+\triangle w=F,$ $(t, x)\in(0,T)\cross \mathrm{R}^{2}$ $(4\cdot 1)$
. , $S\in \mathrm{R},$ $\epsilon’>0$ ,
$||J^{s}w||_{L^{p}}<||w||_{L_{T}^{\infty}H_{x}^{s+1/2+-\prime}}\vee+||F||_{L_{T}^{2}H_{x}^{\mathrm{S}-1/2}}\tau^{L_{x}^{q}\sim}$
$(4\cdot 2)$
. , $1/p=1/2-1/q,$ $2\leq q<\infty$ .




. (4.2) : 1
$1/2+\epsilon’$ , 2 1/2
.
$4\cdot 3$ . 4.1 Strichartz Koch-Tzvetkov [11] , Benjamin-
$\mathrm{O}\mathrm{n}\mathrm{o}$ ([9] ).
4.1 . , $T=1$ .’ $S_{j},$ $P_{j}$
, $1<r<\infty$
$||f||_{L_{x}^{r}} \sim||(|S_{0}f|^{2}+\sum_{j=0}^{\infty}|P_{j}f|^{2})1/2||_{L_{x}^{r}}$
. , $2<p\leq\infty,$ $2\leq q<\infty$
$||J^{s}w||_{L_{T}^{\mathrm{p}}L_{x}^{q}\sim}<||(|S_{0}J^{s}w|^{2}+ \sum_{j=0}^{\infty}|J^{s}P_{j}w|^{2})1/2||_{L_{T}^{\mathrm{p}}L_{x}^{q}}$
$\sim<(||S_{0}w||_{L_{T}^{p}L_{x}^{q}}^{2}+\sum_{j=0}^{\infty}2^{2sj}||P_{j}w||_{L_{T}^{p}L_{x}^{q}}^{2})1/2$ (4.4)
. , $2^{sj}||P_{j}w||_{L_{T}^{p}L_{x}^{q}}$ , $[0, T]$
$[0, T]= \bigcup_{k=1}^{2^{J}}I_{k}$ , $I_{k}=[a_{k}, a_{k+1}),$ $|I_{k}|=2^{-j}$
. $t\in I_{k}$ , $P_{j}w(t)$
$P_{j}w(t)=U(t)P_{j}w(a_{k})+i \int_{a_{k}}^{t}u(t-t’)P_{j}F(t’)dt’$
, $U(t)=e^{it\triangle}$ . , $a_{k}$ Strichartz (4.3)
,
$||P_{j}w||_{L_{I_{k}}^{\mathrm{p}}L_{x}^{q}\sim}<||P_{j}w(a_{k})||_{L^{2}}+||P_{j}F||_{L_{I_{k}}^{1}L_{x}^{2}}$ (4.5)
. , $||$ $||_{L_{I_{k}}^{p}}$ $I_{k}$ Lebesgue . ,
94







, 2 $\mathrm{H}\dot{\mathrm{o}}$ lder ,
, 2 . , Strichartz
(4.3) $\text{ }$
$||S0w||L_{T}^{p}L_{x}^{q}\sim<||S0w(0)||_{L^{2}}+||S_{0}F||_{L_{T}^{1}L_{x}^{2}}$









, 3.1 4.1 Strichartz :
$\text{ }(2.8)$
$i\partial_{t}u+\triangle u=iA[u]\cdot\nabla u,$ $(t,x)\in(0,T)\cross \mathrm{R}^{2}$ .
$A_{j}|u]=G_{j}*|u|^{2}$ . $j=1,2$
5.1. $\epsilon>0$ , $u_{0}\in H^{1/2+\Xi}(\mathrm{R}^{2})$ .
$\min\{1_{!}C/(1+||u_{0}||_{L^{2}}^{q})||u_{0}||_{H^{1/2+\xi}}^{q}\}\leq\tau\leq 1$
$T$ $M>0$ : (2.8) $u$
$||J^{\delta}u||_{L_{T}^{p}L_{x}^{q}}\leq M||u_{0}||_{H^{1^{\mathit{1}}2arrow\Xi}},$ , $(5\cdot 1)$
. , $\in>\delta>2/q>0,1/p=1/2-1/’q$ .
, (5.1) , $s\geq 1/2+\in$
$||u||_{L_{T}^{\infty}H_{x}^{s}}\leq||u_{0}||_{H^{\mathrm{s}}}\exp(C||u_{0}||_{H^{1/2+\underline{\Leftrightarrow}}})$ $(5\cdot 2)$
. 23, 25 (5.1), (5.2) ,
,
. , $5\cdot 1$ .
$5\cdot 1$ . (5.1) , (2.8) , $s=\delta,$ $F=iA[u]$
$u=\mathrm{d}i\mathrm{v}$ ( $A[$u] $u$ ) 4.1 ,
$||J^{\delta}u||_{L_{T}^{\mathrm{p}}L_{x}^{q}\sim}<||u||_{L_{T}^{\infty}H_{x}^{1/2+\delta+\epsilon’}}+||\nabla(A[u]u)||_{L_{T}^{2}H_{\overline{x}}^{1/2+\delta}}$ $(5\cdot 3)$
. : (5.3) 1 ,
$||u||_{L_{T}^{\infty}H_{x}^{1/2+\in\leq}}||u_{0}||_{H^{1/2+\epsilon}}\exp(CT^{2/q}||J^{\delta}u||_{L_{T}^{p}L_{x}^{q}}^{2})$
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$||A[u]||_{L_{x}^{\infty}\sim}<||u||_{L_{x}^{2}}||J^{\delta}u||_{L^{q}}$ , $\delta>q/2$ ,
$||D^{1/2+\delta}A[u]||_{L_{x}^{2}\sim}<||u||_{L_{x}^{2}}||u||_{\dot{H}_{x}^{1/2+\delta}}$






$||J^{\delta}u||_{L_{T}^{p}L_{x}^{q}}\leq C_{0}||u_{0}||_{H^{1/2+\in}}\exp(C_{1}(1+||u_{0}||_{L^{2}}^{2})T^{2/q}||J^{\delta}u||_{L_{T}^{p}L_{x}^{q}}^{2})$ $(5\cdot 4)$
.
$K(T)=||J^{\delta}u||_{L_{T}^{\mathrm{p}}L_{x}^{q}}^{2}$ . $K(T)$ $T$ ,
$K(0)=0,$ $\mathrm{E}l^{\vee}\llcorner(5\cdot 4)\text{ }$
$K(T)\leq C_{0}^{2}||u_{0}||_{H^{1/2+\in}}^{2}\exp(2C_{1}(1+||u_{0}||_{L^{2}}^{2})T^{2/^{l}q}K(T))$ $(5\cdot 5)$
, $0\leq T\leq 1$ $K(T)\leq C_{0}^{2}e||u_{0}||_{H^{1/2+\epsilon}}^{2}$
. , $T_{1}\in(0,1)$ $K(T_{1})>C_{0}^{2}e||u_{0}||_{H^{1/2+\in}}^{2}$
.
$T_{0}= \inf\{T>0;K(T)>C_{0}^{2}e||u_{0}||_{H^{1/2+\in}}^{2}\}$








. , $0\leq T\leq T_{0}$ $K(T)\leq K(T_{0})=C_{0}^{2}e||u_{0}||_{H^{1/2_{\mathrm{T}}\xi}}^{2}$
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